Examination of ClpB Quaternary Structure and Linkage to Nucleotide Binding.
Escherichia coli caseinolytic peptidase B (ClpB) is a molecular chaperone with the unique ability to catalyze protein disaggregation in collaboration with the KJE system of chaperones. Like many AAA+ molecular motors, ClpB assembles into hexameric rings, and this reaction is thermodynamically linked to nucleotide binding. Here we show that ClpB exists in a dynamic equilibrium of monomers, dimers, tetramers, and hexamers in the presence of both limiting and excess ATPγS. We find that ClpB monomer is only able to bind one nucleotide, whereas all 12 sites in the hexameric ring are bound by nucleotide at saturating concentrations. Interestingly, dimers and tetramers exhibit stoichiometries of ∼3 and 7, respectively, which is one fewer than the maximum number of binding sites in the formed oligomer. This observation suggests an open conformation for the intermediates based on the need for an adjacent monomer to fully form the binding pocket. We also report the protein-protein interaction constants for dimers, tetramers, and hexamers and their dependencies on nucleotide. These interaction constants make it possible to predict the concentration of hexamers present and able to bind to cochaperones and polypeptide substrates. Such information is essential for the interpretation of many in vitro studies. Finally, the strategies presented here are broadly applicable to a large number of AAA+ molecular motors that assemble upon nucleotide binding and interact with partner proteins.